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Whey is a by-product from cheese manufacture. It contains nutritionally valuable proteins with essential amino acids. Nevertheless, β-lactoglobulin, the main whey protein, is one of the food allergens. This problem could be solved by separation of β-lactoglobulin or partial hydrolysis of the protein mixture. The reduction of β-lactoglobulin allergenicity by hydrolysis, especially the enzymatic one, in comparison with its separation from the protein mixture provides some advantages. Partial hydrolysis of whey proteins modified their functional properties, nutritional value and sensory parameters (Adler-Nissen 1986; Doyen et al. 2013) . Whey protein hydrolysate (WPH) could be better soluble, thermostable, and resistant to coalescence and they could have better emulsifying and foaming activity (Euston et al. 2001; Perez et al. 2012) . Moreover, the enzyme hydrolysis could generate some biologically active peptides, for example with ACE inhibitory, antihypertension or prebiotic function (Sodini et al. 2005; Pan et al. 2012; Wang et al. 2012) . For these reasons WPH is a worthwhile functional food ingredient. However, its usability in the food industry is limited by a bitter taste, which is probably linked with the generation of hydrophobic peptides (Clemente 2000; Welderufael et al. 2012) .
Processed cheese is traditionally made from rennet cheese, butter, processed cheese, emulsifying salts, drinking water, and flavouring non-dairy ingredients (dyes, spices, vegetables and meat). Nowadays manufacturers also use other dairy ingredients, such as milk, cream, whey, buttermilk, butterfat, casein, caseinates, whey proteins, and non-dairy hydrocolloids. For the production of processed cheese analogues other non-dairy ingredients could be used as well, for example vegetable oil and non-dairy proteins (Caric & Kaláb 1997) . Processed cheeses and their analogues have become widely popular because of their easy to use and long-keeping. They are a considerable source of proteins and calcium in Central Europe, especially in the Czech Republic. These products are primarily consumed as a spread in the Czech Republic but they could be also used to prepare pasta sauces, burgers, pizzas, toasts, baguettes and salads (Czech and Moravian Dairy Association 2009; Ministry of Agriculture of the Czech Republic 2009). For these reasons there is an effort to modify and enhance the nutritional value of processed cheese and develop functional food which will comply with current nutritional requirements. The use of WPH in processed cheese manufacture could provide a product with better functional properties and with the content of biologically active peptides (Adler-Nissen 1986; Doyen et al. 2013) . Thus, this work is focused on the application of WPH in the processed cheese manufacture and characterisation of its effect on texture and rheological properties and sensory quality of the products.
MATERIAL AND METHODS
WPH preparation. Whey powder (Moravia Lacto, a.s., Jihlava, Czech Republic) was reconstituted in demineralised water to obtained dry matter (DM) content of 7, 14, and 21% wt which corresponded to the protein content of 0.93, 1.55, and 2.39% wt, respectively (ISO 8968-3). The hydrolysis of whey proteins was carried out in a batch reactor using a Bacillus licheniformis protease mixture Promod 439L (Biocatalysts Ltd., Parc Nantgarw, UK) with enzyme activity of 161 CU/g. The hydrolysis process was performed using the following conditions: enzyme/protein ratio 1/100.6, pH 8.0, 40°C, 3 hours. The enzyme mixture was inactivated by heating to 85°C for 15 minutes. The hydrolysis degree (DH) was assessed by OPA method (Adler-Nissen 1986) to 16.7% DH. Bitter taste of WPH was verified by sensory analysis (unpublished data). For this reason hydrophobic peptides were removed from the half of the product by adsorption on activated carbon Norit CG1 (Norit Activated Carbon, Amersfoort, the Netherland). The adsorption process was performed using the following conditions: activated carbon/WPH ratio 1/333.3, 21°C, 90 minutes. The activated carbon was removed by centrifugation (Universal 320R; Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany) at 9000 rpm, 4°C, 30 minutes. The protein content decreased after the removal of hydrophobic peptides by 0.05% wt, the hydrolysis degree by 3.2% DH. The absence of bitterness was confirmed by sensory analysis (unpublished data).
Processed cheese manufacture. Processed cheese [DM 38% wt, fat in dry matter (FDM) 31% wt, pH 5.8] was prepared from Edam cheese (DM 57% wt, FDM 45% wt; Moravia Lacto, a.s., Jihlava, Czech Republic), low-fat fresh cheese (DM 18% wt, FDM 0.5% wt; Laktos, a.s., Czech Republic), emulsifying salts (BK Giulini GmbH, Ladenburg, Germany) and water phase [drinking water (DW), reconstituted whey (W), WPH, debittered WPH (dWPH)]. Emulsifying salts constituted 3% wt of the formula, Joha ® S9 spezial (mixture of sodium polyand pyrophosphates) 2.8% wt and Joha ® T-Neu 0.2% wt. The processed cheese manufacture was carried out by batch melting of the starting mixture using a universal cutting machine UM-5 Universal (Stephan & Söhne GmbH & Co., Hameln, Germany). The melting process was performed under partial vacuum (20-80 mbar) with indirect heating (to 95°C) and constant stirring (1500 rpm). Holding time was 5 min at 95°C. Obtained products were stored at 5°C. For each water phase were carried out four manufactures. Texture and rheological properties of processed cheese were determined after 7 days of storage. Materials and products were characterised by the content of DM (ISO 5534), FDM (ISO 3433), and proteins (ISO 8968-3).
Rheological analysis and texture profile analysis (TPA). Rheological properties of processed cheese were characterised by a RheoStress RS 80 rheometer (Haake Technik GmbH, Vreden, Germany) with a system of two profiled plates (Ø 20 mm). The analysis was carried out at 10°C. Determination of shear complex modulus (G*) and phase shift (tg δ) was performed by using a small amplitude oscillation shear method (frequenc y 0.1-100 Hz , deformation amplitude 0.01). Yield stress (t 0 ) was evaluated from the shear rate dependence on increasing shear stress (100-60 000 Pa at 600 s).
Hardness, adhesiveness and chewiness of samples were characterised by a TA.XT.plus Texture Analyser (Stable Micro Systems Ltd., Survey, UK) according to the method developed by Bourne & Szczesniak (2003) . Measurement was performed three times for each manufacture.
Descriptive quantitative analysis. Sensory attributes spreadability, stickiness on the knife and flavour (smell and taste) were characterised by descriptive quantitative analysis with ordinal seven-point scale (ISO 11035). The sensory panel consisted of ten professional assessors (aged 25-60). The scales which were used for sensory assessment are displayed in Table 1 .
Statistical analysis. Statistical analyses were performed using the Microsoft Excel 2003 software (Microsoft Office Excel 2003; Microsoft Corporation, Redmind, USA). Data obtained from texture and rheological measurements were evaluated by ANOVA F-test with foregoing removal of outliers using Grubbs' test on the level of significance P (α) = 0.05. Data from sensory analysis were evaluated using the ANOVA Kruskall-Wallis test on P (α) = 0.05 (Vorlíček et al. 1984) .
RESULTS AND DISCUSSION
The influence of different water phase addition on rheological and texture properties of processed cheese is shown in Figures 1 and 2 .
It was observed that the replacement of drinking water with whey at native concentration (DM 7% wt) lowered the shear complex modulus (equivalent to texture property hardness), phase shift (P > 0.05) and yield stress of the samples. TPA confirmed the results and recorded a decline in hardness and chewiness and an increase in adhesiveness. These changes could be due to the presence of whey proteins and especially lactose 
0% wt DM 7% wt DM 14% wt DM 21% wt DM which disturbed the compact and continuous casein matrix (Caric & Kaláb 1997) . On the contrary, an increase of whey DM content had the opposite effect. This could be explained by enhancement of protein content which allowed more protein-protein interactions and formed the firmer protein network (Dimitreli & Thomareis 2007) . The addition of WPH in comparison with the addition of whey caused a decrease of the shear complex modulus, phase shift and yield stress of the processed cheese but the decline in yield stress was statistically insignificant (P > 0.05) for whey and modified whey with DM content of 7% wt. The lowering of hardness and chewiness was confirmed by recorded rheological results. The observed trend could be due to the degradation of whey proteins during the enzyme hydrolysis and generation of peptides with lower molecular weight which hindered the formation of compact processed cheese matrix, declined its firmness because of weaker protein-protein interactions, or had better emulsifying properties (Euston et al. 2001; Dimitreli & Thomareis 2007) . The deepening of this trend by using dWPH could be explained by a decrease of amino compounds and so fewer protein-protein interactions (Dimitreli Samples were rated as slightly spreadable, practically non-to tracy sticky and slightly like. No statistically significant difference (P > 0.05) was recorded between them in spreadability and flavour. Thus, based on the results of flavour assessment, the removal of hydrophobic peptides with bitter taste from WPH could be omitted for the processed cheese manufacture. This would be beneficial not only to the maintenance of the nutritional value (essential amino acids and potentially biologically active peptides) of the material but also from the economic aspect (Clemente 2000; Sodini et al. 2005; Pan et al. 2012; Wang et al. 2012) . Therefore, the following work will be focused on the characterisation of generated peptides and demonstration of their biological activity.
CONCLUSIONS
The effect of whey protein addition and their enzymatic hydrolysis on rheology, texture, and sensory quality of processed cheese was investigated. It was observed that whey at native concentration in comparison with drinking water decreased the shear complex modulus, yield stress, phase shift, hardness and chewiness, and increased the adhesiveness of products. An opposite trend was recorded for the enhancement of whey concentration. The replacement of whey with WPH and dWPH lowered the shear complex modulus, yield stress, phase shift, hardness and chewiness of the samples. No difference (P > 0.05) was observed in the flavour of processed cheese, so the removal of bitter peptides with potential biological activity could be omitted for this product. 
